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Sir: 

DECLARATION UNDER 37 C.F.R. 1 .132 

I, Dr. Nadine BERTHAUD, declare and state that: 

1 . I am a French citizen, residing at 20 rue de Marne, 94140 Alfortville, 
France. 

2. I have been awarded the degree of Doctor of Veterinary Medicine from 
Ecole Nationale Veterinaire de Maisons-Alfort, and have a diploma from the Institut 
Pasteur for a course entitled Systematic Microbiology. 



3. I have been employed by Aventis Pharma S.A., formerly Rhone-Poulenc 




Rorer, S.A., (“Aventis”) since 1977 and until 2003 I was the Head of Antibacterial 
Microbiology in the Infectious Disease Group at Aventis. During this employment at 




Application No. 10/790,260 
Attorney Docket No. 03806.0497-02 

Aventis, I have been engaged in applied research and development regarding potential 
antibacterial compounds and I was responsible for the evaluation of the in vitro 
and in vivo activity of new antibacterial agents. 

4. Given my education and experience, particularly in the area of 
antibacterial compounds, I consider myself qualified to provide the following testimony 
based on the below-described experiments related to U.S. Patent Application No. 
10/790,260 (“the ‘260 application”), conducted by me or under my direct supervision. 

5. Given my education and experience, I also consider myself qualifed to 
provide the following testimony concerning the common names of Streptogramin A 
compounds. 

6. I further declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; and 
further, that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code, and that such willful false 
statements may jeopardize the validity of the '260 application or any patent issuing 
thereon. 

I. Testing 

Streptogramin compounds according to general formula (I) in U.S. Patent 
Application No. 10/790,260, were tested for in vitro and in vivo activity against the 
bacteria S.aureus (in vitro), S. aureus Schiclia {in vitro) and S. aureus IP8203 (in vivo). 

As described further below, the testing included measurement of the activity of 
compounds according to general formula (I) tested (1) in vitro against exemplary 
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bacteria (S. aureus, S. aureus Schiclia) to determine a minimum effective concentration, 
both individually and in combination with pristinamycin MB (“PIIB”), and (2) in vivo 
against an exemplary bacteria {S. aureus iP8203) to determine a 50% curative dose in 
combination with each of dalfopristin and PIIB, via subcutaneous and oral routes, 
respectively. 

The testing procedures were as follows: 

In vitro bacteriostatic activity 

The bacteriostatic activity of the compounds of general formula (I) of the ‘260 
application was determined according to the U.S. standards (Antimicrobial Susceptibility 
Testing: Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria that Grow 
Aerobically. 1992 National Committee for Clinical Laboratory Standards, M7-A2, 
Villanova, PA.). 

Two-fold dilutions of the 1280 mg/I antibacterial stock solution tested were added 
to molten Mueller-Hintoh agar supplemented with 25 mg/I Mg++ and 50 mg/I CA++ 

(1 part of antibacterial solution for 9 parts of liquid agar), then poured into plates. A 
multipoint inoculator was used to apply spots of about 1 0'* colony forming units (cfu) of 
each strain tested onto agar. After inoculation, plates were incubated 18 hours at 37°C. 

The minimum inhibitory concentration (“MIC”) was defined as the lowest 
concentration (pg/ml) that completely inhibited the growth of bacteria. 

For the combination treatments (/.e., test compound in combination with PIIB), a 
30/70 weight/weight ratio of test compound to PIIB was used. 



3 




Application No. 10/790,260 
Attorney Docket No. 03806.0497-02 



In vivo antibacterial activity in the model of staphylococcus aureus mouse 
septicemia 

Mice (6 to 8 per group) were inoculated intraperitoneally with 0.5 ml of the 
bacterial strain cultured under shaking in Brain Heart Infusion at 37°C and diluted in 
7.5% porcine mucin so as to obtain about 10® cfu/ml. Under these conditions, infected 
untreated controls die in 24 to 48 hours. 

Each compound tested was administered by the subcutaneous (s.c.) or the oral 
(p.o.) routes twice on the day of inoculation, the first dose being given 1 hour after 
infection and the second dose 6 hours after infection. 

The test compositions contained a compound according to general formula (I) 
with PUB or dalfopristin, as indicated in the following table, in a 30/70 weight/weight ratio 
of the formula (I) compound to PIIB or dalfopristin. 

The vehicle was an aqueous solution or a suspension in 0.9% NaCI aqueous 
solution added with 0.1% polysorbate 80 (Prolabo). The administered volume was 
1 ml/mouse per treatment. 

Three to 6 doses of up to 150 mg/kg were used. 

The Curative Dose 50 (“DC 50 ”) (mg/kg), calculated 7 days post infection, was 
defined as the dose which protected 50% of the infected treated mice from death when 
all the infected untreated controls died. 

II. Results 

The results of the testing procedures above as applied to compounds according 
general formula (I) of the ‘260 application are presented in the following table. For 
reference, results for PIIB and dalfopristin alone are also provided. In the table, the 
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example numbers refer to the compounds of the corresponding examples in the ‘260 



application. 



Example 

No. 


In Vitro S.aureus 209P 
MIC (pg/ml) 


In Vitro S.aureus Schiclia 
MIC (pg/ml) 


In Vivo S.aureus 
IP8203 
DCso (mg/kg) 


Compound 

Alone 


With PUB 


Compound 

Alone 


With PUB 


S.C. with 
dalfopristin 


P.O. 

with 

PUB 


1 


8 


0.5 


>128 


2 


120 


32 


2 


2 


0.25 


>128 


1 


28 


32 


3 


2 


0.25 




1 


32 


28 


4 


2 


0.25 


>128 


1 


32 


32 


5 


4 


0.25 


128 


1 


30 


30 


6 


16 


1 


>128 


2 


38 


95 


7 


64 


1 


>128 


4 


75 


36 


8 


8 


1 


>128 


2 


32 


90 


9 


16 


1 


>128 


2 


5 




10 


64 


4 


>128 


4 


46 




11 


4 


0.25 


>128 


0.5 


90 


100 


12 


2 


0.5 


>128 


0.5 


36 


100 


13 


128 


1 


>128 


2 


85 


100 


14 


2 


0.25 


>128 


4 


<5 


42 


15 


4 


0.5 


>128 


1 


42 


50 


16 


4 


0.5 


>128 


1 


42 


mm 


17 


4 


0.25 


>128 


1 


46 




18 


8 


0.5 


>128 


1 


36 


34 


19 


8 


0.5 


>128 


1 


36 


34 


20 


4 


0.5 


128 


1 


40 


50 


21 


8 


0.5 


>128 


1 


90 


75 


22 


128 


2 


>128 


4 


100 


110 


23 


>128 


1 


>128 


2 


>150 


100 


24 


8 


1 


>128 


2 


36 


44 


25 


4 


0.5 


>128 


1 


32 


26 



5 
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In Vitro S.aureus 209P 


In Vitro S.aureus Schiclia 


In Vivo S.aureus 


Example 


MIC (pg/ml) 


MIC (pg/ml) 


IP8203 


No. 










DCso (mg/kg) 




Compound 


With PUB 


Compound 


With PUB 


S.C. with 


P.O. 




Alone 




Alone 




dalfopristin 


with 














PUB 


26 


2 


0.25 


>128 


1 


40 


32 


27 


32 


1 


>128 


4 


32 


110 


28 


4 


0.25 


>128 


1 


32 


40 


29 


4 


0.5 


>128 


1 


10 


110 


30 


4 


0.25 


>128 


1 


32 


15 


31 


16 


1 


>128 


2 


15 


100 


32 


4 


0.25 


>128 


0.5 


120 


44 


33 


4 


0.25 


>128 


0.5 


8 


50 


34 


64 


2 


>128 


2 


85 


110 


35 


8 


1 


>128 


2 


8 


50 


PUB 














alone 




4 




4 




>300 


dalfopristin 














alone 










>300 





III. Analysis 

As shown by the results, in vitro, streptogramin compounds according to general 
formula (I) have proven active against Staphylococcus aureus 209P at concentrations of 
as low as 1 pg/ml, and in combination with pristinamycin IIB, have proven active at 
concentrations of 0.25 to 10 pg/ml. Additionally, in vitro, compounds according to 
general formula (I) in combination with PI IB have proven effective against S. aureus 
Schiclia at concentrations ranging from 0.5 to 4 pg/ml. In the combination treatments, 
the results show that, in nearly every instance, the activity of the combination is 
enhanced over either the streptogramin formula (I) compound or PUB, when tested 
individually. For instance, against S.aureus 209P, the MIC activities of compound 1 and 
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PIIB, tested individually, were 8 and 4 pg/ml, respectively, while in combination the MIC 

activity was 0.5 pg/ml. Further, against S. aureus Schiclia, the MIC activities of 

compound 1 and PIIB, tested individually, were >128 and 4 pg/ml, respectively, while in 

combination the MIC activity was 2 pg/ml. 

In vivo, streptogramin compounds according to general formula (I) have proven 
effective against Staphylococcus aureus IP 8203 test infections in mice in subcutaneous 
doses of 25 to 150mg/kg combined with dalfopristin, and with orally administered doses 
of 15 to 150mg/kg combined with pristinamycin I IB.* These results can be compared to 
an activity of > 300 mg/kg for dalfopristin and pristinamycin MB, when each is tested 
individually in analogous in vivo tests. Thus, the combination treatments were more 
potent in their DC 50 than both dalfopristin and pristinamycin MB taken individually. 



* For compound 23 , the in vivo activity (DC50) with dalfopristin was only determined to be 
greater than 150 mg/kg. Higher doses were not tested to more precisely determine the 
DC50. 
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IV. Common names of Streptogramin A compounds 

In my experience, streptogramin A compounds are often identified by common 
names, and in my opinion one skilled in the art would understand the reference to a 
streptogramin A compound based on its common name. In this regard, I am aware of 
several references that expressly refer to streptogramin A compounds by their common 
names. See. e.g., J.C. Barriere et al.. Current Pharmaceutical Design, 4, 155-180 
(1998) (referring at pg. 156 to, inter alia, pristinamycin lU. Us, He. Ho. He. Hf. and IIg): V. 
Blanc etal., J. Bacteriology 177 (18), 5206-5214 (1995) (discussing streptogramin 
compounds including pristinamycin lU and Hb). 
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pristinaespiralis Encoding Enzymes Involved in the Conversion 
of Pristinamycin IIb to Pristinamycin 11^ (PII^): PIIa Synthase 
and NADH: Riboflavin 5 '-Phosphate Oxidoreductase 



V^RONIQUE BLANC,* DELPHINE LAGNEAUX, PATRICK DIDIER, PATRICIA GIL, 
PATRICIA LACROIX, and JOEL CROUZET 

Unite de Biologie Moleculaire, Centre de Recherche de Vitry-Alfortville, Rhdne- Poulenc Rorer S.A., 

94403 Vitry-sur-Seine Cedex, France 

Received 17 April 1995/Accepted 27 June 1995 

In Streptomyces pristinaespiralis, two enzymes are necessary for conversion of pristinamycin IIj, (PIIb) to 
pristinamycin (PHa)) major component of pristinamycin (D. Thibaut, N. ^tet, D. Biscb, D. Faucher, 
L. Debusscbe, and F. Blanche, J. Bacteriol. 177:5199-5205, 1995); these enzymes are PIl^ synthase, a het- 
erodimer composed of the SnaA and SnaB proteins, which catalyzes the oxidation of Plln to Pll^, and the 
NADH:ribofiavin 5 '-phosphate oxidoreductase (hereafter called FMN reductase), the SnaC protein, which 
provides the reduced form of flavin mononucleotide for the reaction. By using oligonucleotide probes designed 
from limited peptide sequence information of the purified proteins, the corresponding genes were cloned from 
a genomic library of S. pristinaespiralis, SnaA and SnaB showed no significant similarity with proteins from 
databases, but SnaA and SnaB had similar protein domains. Disruption of the snaA gene in S. pristinaespiralis 
led to accumulation of Pile* Complementation of a S. pristinaespiralis P11a~ PUb^ mutant with the snaA and 
snaB genes, cloned in a low-copy-number plasmid, partially restored production of P11 a< The deduced amino 
acid sequence of tbe snaC gene showed no similarity to the sequences of other FMN reductases but was 39% 
identical with the product of tbe actVB gene of the actinorbodin cluster of Streptomyces coelicolor A(3)2, likely 
to be involved in the dimerization step of actinorbodin biosynthesis. Furthermore, an 5. coelicolor A(3)2 mutant 
blocked in this step was successfully complemented by the snaC gene, restoring the production of actinorbodin. 



Pristinamycin belongs to the family of streptogramin antibi- 
otics, also called virginiamycin-like or mikamycin-like antibi- 
otics. Streptogramins are a small and homogeneous group 
composed of related compounds such as pristinamycin, virgin- 
iamycin, mikamycin, and vernamycin (9, 10, 58). They are 
protein synthesis inhibitors (9, 10). The special feature of the 
family is that each member is a complex of two structurally 
different components exhibiting a synergistic antibacterial ac- 
tivity (2, 10). The two types of compounds are both macrocyclic 
lactone peptolides, but their structures are notably different. 
They belong to one of the two following distinct groups: the 
streptogramin A type (Sa) corresponding to polyunsaturated 
cyclic peptolides and the streptogramin B type (Sb) corre- 
sponding to branched cyclic hexadepsipeptides. The propor- 
tion of Sa and Sb in the complex varies from one antibiotic to 
another. Moreover, the major form of each component is ac- 
companied by several structurally different minor forms. 

Pristinamycin, produced by Streptomyces pristinaespiralis y 
consists of approximately 30% pristinamycins I (PI), the Sb 
type molecules, and 70% pristinamycins II (PII), the Sa type 
molecules. In industrial strains, PII is produced mainly in two 
forms, PII/v and PIIb» in a 80:20 ratio. The difference between 
PIIa nnd PIIb is the presence of a dehydroproline instead of a 
proline in the macrocycle (Fig. 1). Thibaut et al. (57) reported 
high levels of conversion of radiolabelled PII,, to PII^ both in 
vivo and in vitro with several strains of Streptomyces spp. that 



* Corresponding author. Mailing address: Unite de Biologie Mo- 
Idculaire, Centre de Recherche de Vitry-Alforiville, Rhone-Poulenc 
Rorer S.A, 13 Ouai Jules Guesde, B.P. 14, 94403 Vitry-sur-Seine 
Cedex, France, Phone: (33-1) 45 73 77 85. Fax: (33-1) 45 73 77 96. 



produce pristinamycins. The same type of observation was 
made with Streptomyces vir^iniae, the producer of virginiamy- 
cin, closely related to pristinamycin (49). These results indi- 
cated that PIIb *s the biosynthetic precursor of PIIa» and so the 
oxidation of the proline residue into a dehydroproline residue 
appears to be the last step of PIIa biosynthesis. 

Thibaut el al, (57) also showed that two enzymes are in- 
volved in the conversion of PIIb PIIa (F*g* O- Both were 
purified to homogeneity. The first, called PIIa synthase, is a 
heterodimer composed of two polypeptides, SnaA and SnaB, 
with MfS of 50,000 and 35,000, respectively. It catalyzes the 
oxidation of the proline residue of PIIb >n the presence of 
molecular oxygen and reduced flavin mononucleotide 
(FMNH 2 ). The second is an NADHrriboflavin 5'-phosphate 
oxidoreductase (hereafter called FMN reductase), SnaC, with 
an apparent of 30,000 which provides the reduced FMN 
necessary for the oxidation of PIIb. 

In this study, we describe the cloning, sequencing, and char- 
acterization of the structural genes for PIIa synthase (snaA and 
snaB) and FMN reductase (j/iaC) from S. pristinaespiralis and 
provide evidence for their functions. We believe that this is the 
first report of the cloning of genes involved in the synthesis of 
a streptogramin. 



MATERIALS AND METHODS 

Bacterial strains, phages, cosmids, and plasmids. The bacteria) strains, 
phages, cosmids, and plasmids are listed in Table 1. 

Media and bacteriological techniques. Streptomyces strains were maintained 
on HT apr medium (48) and grown in YEME medium (28) at MfC. Liquid 
cultures lor prLstinamycin prixluction were prepared by the method of Thibaut et 
al. (57), with an iniKuIum step of 44 h and a pnxJuction step of .^2 h. Extraction 
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PIIa synthase and FMN reductase structural genes 5207 



(A) 




FMN reductase 

NAOH.^H*fFMN ► NATh+ FMNHj 

RIa synthase 

Rig ♦ FMNHj + Oj ► Rl* 4 FMN + 2H2O 

FIG. 1. (A) Structures of PIIa Pile- (B) Reactions catalyzed by PIIa 
synthase and FMN reductase. 



and quantitation of the Pll components were performed as described elsewhere 
(57). 

Nosiheptide was used as an alternative to ihiostrepton to select for the pres- 
ence of the tsr gene, at a concentration of 400 (i.g/ml for solid media and of 2 
|ig/ml for liquid media. Escherichia coli strains were grown in LB medium at 37°C 
(44). Selection was made with 100 ^g of ampicillin per ml in LB agar or liquid 
media. 

DNA isolation and manipulation. Total DNA from 5. pristinaespirala SP92 
was obtained by lysozyme treatment and phenol-chloroform extraction as de- 
scribed by Hopwood et al. (28). Plasmid DNA was purified by alkaline extraction 
procedures as described by Hopwixxl et al. (28) for Sireptomyces specic.s and by 
Maniatis et al. (44) for E. coli. Single-stranded DNA was extracted by the 
phenol -chloroform procedure (44) and dialyzed against water for 45 min prior to 
sequencing. Digestion with restriction endonucleases and ligation experiments 
were carried out by standard prcKedures (44) under conditions described by the 
manufacturer. DNA fragments were isolated from agarose gels with the Gene- 
clean kit from BiolOl (La Jolla, Calif.). 

Transformations. Q)mpetent E, coli cells were prepared and transformed by 
the method of Chung and Miller (8). For transformation, 5. pristinaespiralis and 
S. coelicnlor ceils were grown in YEME medium supplemented with 0.25 and 
0,5% glycine, respectively, at 30*C for 40 h. Protoplasts were prepared and 
transformed by the method of 1 lopwotxl et al. (28). Only unmethylated DNA, 
isolated from E. coli ET12567, was used for transformation of 5. coclicolnr (41), 

DNA-DNA hybridization. Transfer of denatured DNA from agarose gels or 
colonies to Biixiyne nylon membranes (Pall Corporation, Portsmouth, England) 
were performed by standard procedures (44). DNA fragments were labelled by 
random priming with [a-‘^^P]dCTP by using the random primer labelling kit 
(Amersham International. Little Chalfont, Buckinghamshire, England), as de- 
scribed by the supplier. Oligonucleotide probes were labelled with |"y-’^P|dATP 
with T4 polynucleotide kina.se by the method of Maniatis et al. (44). Hybridiza- 
tion experiments were performed by the method of Maniatis et al. (44). 

Oligonucleotide probes. As previously reported (57). the N-tcrminal .se- 
quences of SnaA, SnaB, and SnaC are TAPR(R/W)RITLAGIIDGPGG,TAPIL 
VATLDTRGPAATLGTIT, and TGADDPARPAVGPOSFRDAMAOLASPV. 
respectively. Internal sequences obtained by tryptic digestion (57) were identified 
as GADGFNIDFPYLPGSADDFV for SnaA, GL(-)DSFDDDAFVIIDR for 
SnaB. and FAGGEFAAWDGTGVPYLPDAK and TGDPAKPPLLWYR for 
SnaC. Degenerate primers or oligonucleotide probes derived from part of the 
N-terminal or internal sequence of SnaA (IDFPYLPG), SnaB (FDDDAFVH), 
and SnaC (FRDAMAQLA, FAGGEFAAWDGTG, and DPAKJ^PLLWYR) 
were .synthesized and are as follows: (degenerate positions .shown in parenthe- 
ses): A. 5'-ATCGA(C.T)TT(C,T)CC(C,G,A,T)TA(C.T)CT(C,G)CC(C,G)GG- 
.3'; B, 5'-TTCGACGA(T,C)GA(T,C)GC(A,T,C,G)TTCGT(C,G)CA(T,C)GA 
C-.3'; Cl, 5'-TTCCG(C.G)GACGC(C,G)ATGGC(C.G)CAGCT(C.G)GC-.3': 
C2, 5'-TTCGC(C,G)GG(C,G)GG(C,G)GAGTTCGC(C,G)GC(C.G)TGGGA 
CGGCAC(C,G)GG-3'; and C3. 5'-GACCC(C,G)GC(C,G)AAGCC(C.G)CC 
(C.G)CT(G,C)Cr(G.C)TGGTACCG-3'. respectively. 

Preparation of antiserum. Rabbits were immunized by repeated subcutaneous 
inoculations of the two subunits of the purified PIIa syntha.se. The protoctfi was 
based on three injections of 10(1 p.g of proteins (in complete Freund adjuvant al 
days 0, 15, and 30) and one injection of the same dose (in incomplete Freund 
adjuvant at day 37). BkxxJ was harvested It) days after the last injection. 

Preparation of cell extracts. Portions (5 ml) of S. pristinaespirulLs cell suspen- 
sions were harvested after 16. 18, 20, or 22 h of culture in production medium 



(57). The washing buffer was phosphate-buffered saline (44) supplemented with 

I mM phenylmethylsulfonyl fluoride. 5 mM EDTA and 5 mM ethylene glycol- 
bisO-amino ethyl) tetraacetic acid (EGTA). The pellet was kept trozen at 
-20*C. Prior to sonication, cells were thawed and resuspended in \.5 to 2 ml of 
the same butler. Cells were disrupted with the Bioruptor type UEC-21K) (Euro- 
gcntec, Seraing, Belgium) by the following priKcdure: four rounds of 5-min 
oseillating pulses (48 s on, 24 s off; power of 2(X) W). The obtained lysate was 
centrifuged for 15 min in an Eppendorf tube al lO.tXX) x g. and the resulting 
supernatant was referred to as cell extract. Protein concentration was determined 
by the method of Lowry ct al. (39). 

Assays of PlI^ synthase and FMN reductase activities. Enzymatic activities 
were assayed from cell extracts obtained with cells from 30 ml of fermentation 
broth, as described elsewhere (57). 

Western blot (immunoblot) analysis. Proteins, separated by sodium dodecyl 
sulfate (SDS)-polyacrylamide gel electrophoresis (.36). were eleciroblotied onto 
nitr(xx:llulose membranes [Cellulosenitrat(E); Schleicher and Schuelt. Da.sse!. 
Germany) by using the Biomelra Fastbloi (Biometra Ine., Tampa, Fla.). Anti- 
genic proteins were stained by using the Vectasiain ABC Mou.se IgG kit (Vector 
Laboratories, Biosys S.A.. Compiegne, France) and anti-rabbit immunoglobulin 
G-horseradish peroxidase conjugate according to the prixedures suggested by 
the manufacturer. 

Construction of 5. pristinaespiralis genomic library. A partial Sau^A digestion 
of S. pristinaespirulLs genomic DNA was fractionated on a 20 ti> 40% sucrose 
gradient as de.scribed by Maniatis el al. (44). DNA fragmenus (35 to 45 kb) were 
ligated with pi 1C79 linearized with Bomlll. In vitro packaging with the Gigapack 

II Gold Packaging Extract (Siraiagene. La Jolla, Calif.) was performed as de- 
.scribed by the manufacturer, using IIBlOl or DI II as the recipient strain. A total 
of 1,500 colonies for each transfection were selected on LB agar supplemented 
with ampicillin. Selected clones were individually grown in 2(X) p.1 of lIogne.ss 
medium (19) in 96-wclI microplales and stored al -80®C. 

DNA sequence analysis. A 4-kb .Vncl-Bamlll fragment from pXL2045 con- 
taining the snaA and snaH genes was digested with diflerent restriction enzymes 
(5ncl, Not\, Nru\, /:cr>Rl. P.«I, and HarnWl). The re.sulling DNA fragments were 
subcloncd in M1.3mpl8 and M13mpl9 vectors. The nucleotide .sequence of the 
corresponding single-stranded DNA was determined by the dideoxy-chain ter- 
mination methixl (51) with universal and synthetic oligonucleotides primers. 
Reactions were performed with dye-labelled dideoxy terminators from the 
PRISM Ready Reaction DyeDeoxy Terminator Cycle Sequencing Kit (Applied 
Biosystems) and analyzed on the Applied Biosyslems nuxJcl 370A DNA Se- 
quencer (Applied Biosyslems). In the ca.se of the snaC gene, a 1.5-kb XhoUPsil 
fragment included in the 4-kb BamlU-BamUl fragment frtim pVRCSO*) was 
cloned in M1.3mpl8 and M13mpl9 and was partially sequenced as de.scribcd 
previously with universal and synthetic primers. 

Analysis of sequence data. Nucleic acid and amino acid sequences were ana- 
lyzed by using CITI2 facilities (13). The nucleotide .sequences were analyzed by 
the program of Sladen and McLachlan (55), using uxion preference to identify 
the coding .sequences. A codon preference table was established with 19,673 
axlons from Sireptomyces species, obtained from GenBank. Amino acid se- 
quences were compared with Genbank, NBRF, and Swissprot databases by using 
cither the FASTA (13) or Kanehisa (31) program. Multiple alignments were 
performed with the CLUSTAL multiple-alignment program of Higgins and 
Sharp (2.3). 

Integrative transformation of 5. pristinaespiralis. The snaA gene was disrupted 
by homologous recombination by an integration construction containing a frag- 
ment internal \n the N-lerminal part of the gene. A 8IX)-bpM«I-/xoRI fragment 
was subcloned from pXL2045 in the suicide vector pDH5 to create pVRC505. 
The recombinant plasmid was used to transform S. pri.stinac.^pirulis, and recom- 
binants were selected for the ability to grow on nosiheptide -containing plates. 
After 7 days, the re.sisianl colonies were pa.s.sed through one step of single-colony 
purification on I IT medium containing nosiheptide. 

Homologous expression of snaA and snaB in S. pristinaespiralis. Becau.se the 
.snaA gene started 31 bp after the Iiam\ II site, we i.soluled a 7.3-kb .SV/d fragment 
from pIBVl, corresponding to an extra 3-kb fragment upstream of the snaA 
gene. This fragment was first .subcloned in pUC1813 to give pVRC5n(). The 
7.3-kb fragment was then isolated from pVRC5()fi by IlimlUl digestion and 
cloned in ////idlll-lincarizcd pIJ90.3. The recombinant plasmid, named 
pVKC5()7. contained snaA and .snail downstream of the tel promoter of plJ903, 
albeit separated from each other by ORF401 oriented in the opposite direction 
from that of snaA and snail. 

Heterologous expression of snaC in S. coelicolor. The 1.5-kb Xho\-Pst\ frag- 
ment containing the snaC gene and the 3' end of the upstream open reading 
frame (ORF) was i.solaied from pVRCSO*) and cloned into pUC19 linearized by 
double digestion with Sail and Psi\, giving pVRC518. A DNA fragment contain- 
ing the ermE* promoter from Saccharopolyspora erythruca (6) was purified from 
pVRClllfi after dige.slion with EcoKl and Ilamlil and cloned into pVRC5!8 
dige.sted with /:a;RI and liamUl. The recombinant plasmid was named 
pVRC519. The LcoRl-Z/mdlll fragment containing lhe.rfu/Cgenc under control 
of the crmE* promoter was purified and cloned in pIJ‘)f)3 linearizi:d by digc.stion 
with LcoRI and ///ndlll. The recombinant plasmid was named pVRC52(). Trans- 
formation of E. coli ET12567 with pVKC520 allowed the preparation of un- 
methylated DNA neces.sary for transformation of 5. atelicohr. 
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TABLE 1. Bacterial strains, phages, cosmids, and plasmids used 



Strain, phage, cosmid, 
or plasmid 


Relevant properties 


Source or reference 


Strains 






E. coll 






HBlOl 


F" supE44 hsdS3(Tii~ m„") recAl3 ara-I4 proA2 lacYl galK2 rpsL20 xyl-5 mtl-J 


7 


DHl 


F" gyrA96 recAl relAl endAl thi-J hsdRl? supE44 


38 


TGI 


K-12 ^{lac-pro) supE thi hsd AS5/F' traD36 proA^B^ lacV^ /acZAMlS 

p— E44 SJacU}69 LtcZAMlS hsdRl 7 niLAt cndAl fyrAVf) thi~i rvUtJ 


20 


DH5a 


22 


ET12567 


F dani’]3:.Tn9 dcm-6 HsdM hsdR recFI43 zjj’202:fTnl 0 galK2 galT22 ara-14 lacYI xyl-5 leuB6 
thi-1 tonA31 rpsL136 hisG4 tsx-78 mtl-I glnV44 


42 


S. pristinaespiralis 






SP92 


Natural isolate of S. pristinaespiralis ATCC 25486 


Rhone-Poulenc Rorer 


SP119 


PI“ PIIa"^ PIIb^J mutant of S. pristinaespiralis SP92 obtained by chemical mutagenesis 


Rhone-Poulenc Rorer 


SP120 


PI“ PIIa” Pllfl^J mutant of S. pristinaespiralis SP119 obtained by chemical mutagenesis 




S. coelicolor 
A3(2) 






B135 


hisAl uraAl strAl SCP1“ SCP2^ actVB-235 


50 


Phages 

M13mpl8, 


Multicloning site vector 


Boehringer 


M13mpl9 






Cosmids 






pHC79 


Cosmid; Amp^ 


26 


pIBVl 


Cosmid containing the PIIa synthase genes; Amp"^ 
Cosmid overlapping with pIBVl; Amp" 


This work 


pIBV3 


This work 


plBV4 


Cosmid containing the FMN reductase gene; Amp" 


This work 


Plasmids 






pUC18, pUC19 


Multicloning site vector; Amp" 
Mullicloning site vector; Amp" 


Biolabs 


pUC1813 


33 


pBKS" 


Multicloning site vector; Amp" 


Stratagene 


pIJ702 


Streptomyces high-copy-number plasmid; mel Tsr" 


32 


pIJ903 


E. coli and Streptomyces shuttle vector (low-copy-number); Amp" Tsr" 


40 


pDH5 


Streptomyces suicide vector; Amp" Tsr" 


25 


pXL2045 


6-kb BamHl-BamHl insert from pIBVl in pBKS“ containing snaA and snaB; Amp" 


This work 


pVRC509 


4-kb BamHl-BamHl insert from pIBV4 in pUC19 containing snaC; Amp" 
800-bp Fj/I-£coRI insert from pXL2045 in pDH5; Amp" Tsr" 


This work 


pVRC505 


This work 


pVRC506 


7.3-kb 5flcl-5fld insert from pXL2045 in pUC1813; Amp" 


This work 


pVRC507 


Streptomyces expression vector containing the entire snaA and snaB genes in pIJ903; Amp" Tsr" 


This work 


pVRC1116 


ermE* promoter region cloned in pIC20H from pUC1070; Amp" 
1.5-kb Xhol-Pstl insert from pVRC509 in pUCl9; Amp" 


12 


pVRC518 


This work 


pVRC519 


ermE* promoter cloned upstream snaC in pVRC518; Amp" 


This work 


pVRC520 


Streptomyces expression vector of snaC, cloned in pIJ903; Amp" Tsr" 


This work 



Nucleotide sequence accession number. The nudeotide sequences from S. 
pristinaespirala described in this paper have been submitted to GenBank under 
aaession numbers U21215 for the region containing moA,snaB, and ORF401 
and U21216 for the region containing s/iaC. 

RESULTS 

Identification and cloning of the snaA and snaB genes. Oli^ 
gonucleotide probes A and B were synthesized on the basis of 
internal amino acid sequences of the SnaA and SnaB proteins 
of the Pllyv synthase, respectively. They were used to screen 
3,000 colonies of the genomic library of 5. pristinaespiralis SP92 
by colony hybridization. Five clones hybridizing with either one 
or both probes were identified. Four of the recombinant cos- 
mids contained a 6-kb Bam\l\ fragment hybridizing with both 
probes. One clone, named pIBVl, with a 33-kb insert, was 
studied further. The fifth clone, named pIBV3, with a 34-kb 
insert, did not contain the 6-kb BamWl fragment described 
previously, but as pIBVl, a 2.5-kb£coRI fragment hybridizing 
with probe A only. Restriction maps of these two cosmids were 



constructed (Fig. 2). They shared a 8-kb region containing the 
2.5-kb £coRI fragment. The 6-kb BamHI fragment from 
pIBVl was cloned in pBKS“ to give pXL2045 (Fig. 2). The 
nucleotide sequence of 3,573 bp from the 4-kb Sac\-BamY\\ 
fragment from pXL2045 was determined as described in Ma- 
terials and Methods. Analysis of the obtained nucleotide se- 
quence revealed three ORFs (ORFl, ORF2, and ORF3) with 
a typical Streptomyces codon usage, ORF2 being on the strand 
opposite to that carrying ORFl and ORF3 (Fig. 2). ORFl, 
ORF2, and ORF3 encoded polypeptides of 422, 401 or 402, 
and 277 amino acids, with M^s of 46,500, 45,200, and 28,700, 
respectively (Fig. 3). Typical Shine-Dalgarno sequences (56) 
(GGAG, GGAG, and AGGA) were found upstream of ORFl, 
ORF2, and ORF3, respectively (Fig. 3), indicating that in the 
case of ORF2, the GTG is most probably the start codon. No 
significant inverted repeal was found between the intergenic 
regions or at the end of ORF3. 

The N-terminal region of ORFl was identical to the N- 
terminal amino acid sequence of the purified large subunit of 
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FIG. 2. (A) Restriction maps of cosmids plBVl and pIBV3 and the pXL2045 vector containing the 6-kb liamUl fragment from pIBV3. (U) Restriction map of 
cosmid pIBV4 and the pVRC509 vector containing the 4-kb Bam\\\ fragment from pIBV4. Arrows correspond to the identified ORFs. The black Nixes show the 
fragments hybridizing with probes described in the text. Abbreviations: Ba. BamlW; Bg, /ig/II; Cl, Cla\; Ec, /:c«Rl; Kp. Kpnl; No, Notl; Nr, Nrul; Ps, Pstl; Sa, ^acl; 
Xh, XhoL 



the Plly^ synthase, except that the amino-terminal methionine 
was missing (removal of the methionine residue has been pro- 
posed to occur when the penultimate amino acid is threonine 
[24]). The N-terminal region of the ORF3 product was iden- 
tical with the N-terminal amino acid sequence of the purified 
small subunit of synthase. Moreover, the internal amino 
acid sequences obtained from tryptic digestion of SnaA and 
SnaB were found in the polypeptides encoded by ORFI (ami- 
no acids 365 to 384) and ORF3 (amino acids 122 to 136). A 
good correlation was observed between the calculated of 
the ORFI and ORF3 products, respectively, 46,500 and 28,700, 
and the ones estimated from the purified subunits of PII^ 
synthase, 50,000 and 35,000, respectively (57). 

These results demonstrated that ORFI and ORF3 corre- 
sponded to the large and small subunits of PII^ synthase, and 
we named the corresponding genes snaA and snaB. They were 
separated by 1.4 kb containing ORF2. ORF2 was named 
ORF401 for the size of the corresponding polypeptide. The 
average G+C content of the sequenced region was around 
71.5%. 

Identification and cloning of the snaC gene. Degenerate 
oligonucleotide probes Cl, C2, and C3 were designed from the 



N-terminal and two internal peptide sequences of the purified 
FMN reductase. None of them hybridized with the five previ- 
ously described cosmids isolated with probes specific for PII^ 
synthase genes. Hybridization of the library with Cl, C2, and 
C3 probes allowed the identification of two cosmids which 
contained a common 4-kb BamHl fragment hybridizing with 
the three probes. One cosmid, pIBV4, containing a 41-kb in- 
sert (Fig. 2), was further studied. The 4-kb BamHl fragment 
from this cosmid was subcloned in pUC19 to give pVRC509 
(Fig. 2). The nucleotide sequence of the 770-bp fragment in- 
ternal to the 4-kb BamHl fragment was determined (Fig. 3). 
Two adjacent ORFs showing a typical Sireptomyces codon us- 
age were found (Fig. 3). The average G+C content of the 
region was 76%. ORF2 started with a GTG at nucleotide 212, 
finished with TGA at nucleotide 731, and had a putative ribo- 
some-binding site (AGGAG) 5 bp upstream of the start codon. 
ORF2 encoded a polypeptide of 176 amino acids with an of 
18,300. Only the 3' end of ORFI was present on the sequenced 
fragment. 

The N-terminal sequence of the ORF2 product was identical 
to the N-terminal sequence of the purified FMN reductase 
(57), except that the N-terminal methionine was missing. 





(A) 

B»mi Start ORFl — ^ 

99atcct99c9teegcc9teaagaaet9aaeega99agaeaeccacc ATC ACC GCA CCC CCC CGC 6S 

s/0 M ■ - ^ P R R 6 



CGC ATC ACC CTC GCC GCC AIC ATC GAC GGC CCC CGC CCC CAT CTC GCC GCC TOG U9 

■a I— I L A C__I I D C E a C_ B V A A ir 3* 

CGC CAC CCG CCG ACC AAG GCG GAC CCC CAG CTC GAC TTC CAA TTC CAC CCC GAC 173 

RKPATKAOAQLDFErHPD 47 



AAC CCC CGC ACC CTC GAA CGC GGC CTC TTC CAC CCC CTC TTC ATC CCG CAC ATC 227 
NARTI.EB3LFDAVFIAD1 S3 



GTC CCC CTC TCC CCC ACC CCC CTC CAC TCC CTC TCC CCC ACC TCC CCC ACC CAC 281 
VAVHGTBLDSI.CRTSRTE 78 



CAC TTC GAA CCC CTC ACC CTC CTC CCC CCC TAC CCC CCC CTC ACC GAG CAC ATC 335 
HFEPLTLLAATAAVTEHl 96 



CCC CTC TCC CCC ACC CCC ACC ACC ACC TAC AAC CAA CCC CCG CAC ATC CCC CCC 389 
CLCATATTTYNEPAHIAA 114 



CGC TTC CCC TCC CTC CAC CAC CTC ACC GCC GCC CGG GCC CGC TGG AAC GTC CTC 443 
RFA5LDHLSGCRAGNNVV 132 



ACC TCC G(X CCA CCC TCC GAC TCC GCC AAC TTC CGC TTC CCC CAC CAC CTG GAG 497 
TSAAPMESANrGFPEHLE 150 



CAC CCC AAA CCC TAC CAG CCC GCC GAC GAG TTC ATC GAC GTC GTC AAA AAA CTG 551 
HGKRYERAEEFIDVVKKL 168 



TGG CAC AGC CAC GGC CGC CCC GTC GAC CAC CGC GCC ACC CAC TTC GAG CCC CCC 605 
HDSDGRPVDHRCTHFEAP 186 



GGC CCS CTC GCG ATC GCC CGC CCC CCC CAC GGC CCC CCC CTC ATC ATC CAC CCC 659 
GP1.G1ARPP0GRPV1I0A 204 



GGC TCC ICG CCC GTG CCA CCC GAC TTC CCC CCC CGC CAC CCC CAC CTC ATC TTC 713 
GSSPVGREFAARHAEVIF 222 



ACC CCC CAC AAC CCG CTC TCC GAC CCC CAC CAC TTC TAC CCC GAC CTC AAC CCA 767 
TRHNRLSDAOOFYGOLKA 240 



CGC CTC GCC CCG CAC GGC CGC GAC CCC GAC AAC CTC CTC CTG TGG CCG ACC CTC 821 
RVARHGRDPEKVLVMPTL 258 



CCG CCG ATC GTC GCC CCC ACC GAC ACC GAG GCG AAG CAC CGC CTC CAG GAA CTG 875 
APIVAATDTEAK0R1>QE1< 276 



CAG GAC CTC ACC CAC SAC CAT GTC GCC CTC CCC ACC CTT CAG GAC CAC CTC CCC 929 
COLTHDHVALRTLQDHLC 294 



GAC CTC GAC CTG AGC GCG TAC CCG ATC CAC CGC CCC GTC CCC GAC ATC CCG TAC 983 
DVSLSXYPIOGPVPDIPY 312 



ACC AAC CAC TCC CAG TCG ACG ACC GAG CGG CTG ATC GGC CTG GCC AG6 CGC GAG 1C 37 
TNOSQSTTER1.1GLARRE 330 



AAC CTC AGC ATC CGC CAC CTG GCC CTG CGC CTC ATS CGC GAC ATC CTC GTC CGC 1C 91 
NLS IRELALRLMCDl VVC 348 



ACA CCG GAG CAG CTC GCC CAC CAC ATC CAC AGC TGG TTC ACC GGC CGC CGC GCC 1145 
TPEQLADHHESWFTGR G a 366 



GAC GGC TTC AAC ATC GAC TTC CCG TAC CTG CCG GGC TCC GCC GAC GAC TTC GTC 1199 
J3 C E I D E E X L E C S & 0 0 E 384 



GAC CAC GTC CTC CCC GAA CTG CAG CGC CGC CCC CTC TAC CCC TCC GGC TAC CAC 1253 
DHVVPELQRRGLYRSCYC 402 



GGC ACC ACC CTG CGC CCC AAC CTC GGC ATC GAC CCC CCC CCC AAC CCA GGT CCA 1307 
CTTLRANLCIDAPRRACA 420 

End GRFl End ORF2 

GCG GCT tgacLtccgtccLa AAG GCG GGG GAT TCC AGC GCT CCC CCG CTG GGG TTC 1363 
AA • -LRPIGATARQPS 391 



CTG CTT CAC CGA CGA CCC CCC CGT CCG GGA GGA CTC CCG TTG AGG TCT TAT ACC 1417 
OKVSSRGTRSSBROPRIG 373 



GTC TCC ACA GCC CGA CGC CGC CAG CCC GGC CGC CAC CAT GTT GCC TGC CCC AIT 1471 
OGCASAALGAALINRAAN 355 



CAC GTC GCC CTC ATG CAC AGC GCC GCA GTC GCA CGT CCA CTC CCG GAC CTT CAC 1525 
VDRDHVAGCDCTNERVNL 337 



CGG CAG CTT CCC GCC GAC CGT GCC GCA GGT TCC GCA CAG CTT GCA GCT GGG GAA 1579 
PLKGRVTGCTCCLKSSPF 319 



CCA GCG GTC GAT CAC CAC CAC TTC GCG CCC ATA CCA GCC CCA CTT CTA CTC CAC 1633 
WRDlVVtBRGYtlACKYEL 301 



CAT GGA GCG CAG TTC CGT CCA CCC CCC GTC CGA GAT CCC GCC CGC GAG CTT GCC 1687 
HSRLErWAADSIARALKC 283 



GTT CTT CAG CAG GTT GCG GAC GCT GAG GTC CTC GAT CAC GAC CGT TTG GTT CTC 1741 
HKLINBVTLDBIVVTONE 265 



ACG GAC GAG TCC ACT CCA CAG CTT GTC GAG GAA GTC CCA GCG CCC GTC GGT GAT 1795 



averts I- rhlfdcrrdt: 247 



CCG CCC GTC CAC CCC CCC CAC CTT CCC CCC CCC TTT CTT CCG CTT CCC CCA CCC 1849 
RABVRAVKRRAKkrnaSC 729 



CTT CCC CTT CCC CCA CAC CTC CCC CTG ACC CTT CSC CAC CCC CCC GCC CTC ACC 1903 
AAKRSVDRQAKALRARDR 211 



CCC CTC CTG CTT CCC CTT CGT CAT CTT CTC CCC GCT CCA CAC CCT CAC CAC GCA 1957 
BEHKPKTIKEGTSLTVLS 193 



GCT GAT CCC CGC GTC CAT CCC CAC CCC CCC CCT CCT CCC CGG CCC CCC GCT CAT 20 U 
TICADIGVAATTAPAPTI 175 



CCT GTC CTC CCA CAC CAC CCA CAC CAA CCA CCC CCC CCC ACG CTC GCC CCA CAC 2065 

tdecllsvpkrcardrsv 157 



CCT CAC CCT CGT CCC CTC CCC CCC TTC GCC AAG CCC ACC CCA CCA GCG CAT GTC 2119 
TVT7PEAGEPLFBSWR1 C 139 



CAC CGC CTC CGC CGT CTT CGC CAC CCT CAC CTC TCC CTT ACG CCA CCT GAA GCC 2173 
LPEATKALTLQCXRIITFA I2l 



GCT GCC GGT GTA CTC GCC CGA CGC CCT GCA CTT TTT CCG CGA CTT CTA CCC CGG 2227 

srtyeasarskkrskyrp :o3 



CTA err CGA CCC CTT GGC GAA CAA CTT GCC CAA CCC CCT CTC CAA GTS CCC CAC 2281 
YKSRKArrHArATCtHRE 85 



CGC CTG CTC GAG CGG GAC GGA G3A CAC CTC CGA CAC GAA GGC CAC TTC TTC GGT 2335 
ACfOLPVSSVESLFALEET 67 



CTT CTT CCA CTC CCT CAC CCC CGC GGA CCA CTG CAC CTA CGA CAC CCG CCC CTC 2389 
KKMETLAASSOVYSVRRQ 49 



CTC CCC CTA CCA CCC TCC CCT GCG CCC CTC AAG CCC CTT CTT CTA CAC CAC GCC 2443 
BGYWARTR5ELAKKYVLR 31 



GAC ACA CCC CAA CCT CCC CCA CAC CTC ACC CGC CTC CTC GTC CCT CGG ATA AAA 2497 
VCGFTRSLEAAOEOTPYF 13 

Start ORF2 

GCG CTA CTT CAA ACC CCG CTT CAC CTG CTG CAT CAC gcetcacacgctatcagttcccg 2557 
RYKFARKVCQMHS/D 1 



tgtgagcggcgggtgtcigccgctggttgcagacgscgaaccgccctggcggcgattcgcccatccctgcc 2629 

RcoMi Start ORF3 

ctgctccgcaagagettcgtetcctccccggtctgaaggccggggtatccacgaaqqoattctg ATC ACC 2697 

S/0 M ^ 2 



GCG CCC ATC CTC CTC GCC ACC CTC GAC ACC CCC CCC CCC GCC CCC ACC CTC CGC 2751 

-a — E — I — L — l: — & — : i a i b c c art i. g 20 



ACC ATC ACC CCC CCC GTG CCG CCC CCG CAC CCC CCC GCA TTC CAC GCC CTC CTC 2805 
-I I I_ RAVRAASAAGFDAVL 38 



ATC CAC GAC CCC CCC CCC GCC CCC GTC CAC CCC CCG TTC CAG ACC ACC ACG CTG 2859 
IDGRAAAGVOGRFETTTL 56 



ACC CCC CCC CTC CCC GCC GTC ACC GAC CAC ATC CGC CTG ATC ACC GCC CCG CTC 2913 
TAALAAVTEHIGLITAPL 74 



CCG CCC CAC CAG CCC CCC TAC CAC CTG TCC CCC ATC ACC GCC TCG CTC GAC CAC 2967 
PAOCAPYHVSRITASLDH 92 



CTC GCC CAC CCC CGC ACC GCC TCC CTC CCC ACC ACC CAC ACC ACC GAC CCC CAC 3021 

lahgrtgmlastdttdpe no 



CCC CCC ACC CCC CAA CTC ATC GAC CTC CTC CGC GGC CTC TCC CAC ACC TTC CAC 3075 
GRTGEGIOVVR C L H Q S F D 128 



CAC CAC CCC TTC CTC CAC GAC CGC CCC GAC CGC CTC TAC TCC CCC CTC CCC CCC 3129 
OOAFVHnR ADCLYIIRLPA 146 



CTC CAC CAA CTC CAC CAC CAG GGC ACG CAC TTC CAC GTC CCC GCC CCC CTC AAC 3183 
VHQLCHOCHHh'DVAGPLN 164 



CTC GCC CGC CCG CCC CAC GCC CAC CCC GTC GTC CCC CTC ACC GCC CCC CCC CTC 3237 
VARPPQCHPVVAVTGPAL 182 



CCC GCG CCC CCC GAC CTC GTC CTC CTC CAC CAC GCG CCC GAC GCC CCC TCG GTG 3291 
AAAAULVLLUBAADAASV 200 



AAG CAG CAC CCA CCG CAC CCC AAG ATC CTC CTG CCG CTC CCC GGC CCG CCC GCC 3345 
KOOAPNAKI LLPLHCPAA 218 



GAA CTC CCC GCC GAC AGC CCC CCG GAC GGC TTC ACG GTG GCG CTC ACC GCC TCC 3399 
ELPADSPADGFIVA1.TGS 236 



GAC CAC CCG GTC CTG CCC CCC CTC CCC GCC CGG CCC CCC CCC CCC CAC CCC ACC 3453 
ODPVtAAGAARPCRPDRT 254 



GCC CCC ACC ACC CTG CGC GAA CGC CTG GGC CTG GCC CGC CCC GAC ACC CGC CAC 3507 
A ATTLRERLCLARPESRK 272 

Stop ORF3 

GCC CTC ACC ACC GCC tgacgacccgtccgcccgctgcttcctggagagtcatgtcccgtcgcctgt 3573 
A L T T A • 277 
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(B) 

Zbol 

CTC CJU; CCC CCC CCC CXG CTC CTC CTG TCC CTC GCC CTC CAG AAG CCC GCC GAC 54 
LEPRPQVLVSLAVEKGAD 



GGC ACC CCG CCG CCG GAC CCC CTG CTG ATC CAC GAC CCC TTC CCC TCG CCC CGC 108 

ctappdrll:udgfp«cr 



GCC GCC CCG CGC GAA CCG GAG CTG CCC ACC GGC CAC CCC CCC CTC CCG CCC CTC 162 
AAPREAELPTCHRALPAL 

end ORTl Start ORTS 

GCC GGC CCC GCC CGC toagQcgcgqeaaccaccaacaoaaggagccccc CTC ACA GCA CCC 223 
A G A A R • S/C M TEA 4 



GAC GAC CCG GCA AGS CCC CCG CTC CCC CCG CAC ACT TTC CGA GAC CCC ATC CCG 2T-? 

_D L P A R P A ^ C £ Q S E B 0 & b A- 22 



CAC CTG CCC TCG CCC GTC ACC CTC CTA ACC CTC CTC CAC GCC CCC CCA CCC CGC 331 

Q 1. A S P V TVVTVLDAAGRR 40 



CAC CCC TTC ACC CCC CGC TCG CTC CTC TCT GTC TCC CTC GAC CCG CCG CTC GTC 3B5 
HGPTAOSVVSVSIDPPLV 56 



ATC GTC GGC ATC CCG CTC ACC TCC ACC TCC CAC ACG CCG ATC CCC GCC CCC GCC 439 
MVGIALTS5CIITAMAAAA 76 



GAG TTC TCC GTC ACC ATC CTC GGC CAC GAC CAC CGC CCC GTC CCC AAC CCC TCC 493 

efcvs:lgedoravakrc 9< 



CCG ACG CAC GGC GCC GAC CCG TTC CCG GGC GGC GAG TTC GCC GCC TCG GAC GGT 54 7 

A I H C A D R FAGGEFAAWDG U2 



ACG GC6 CTG CCC TAC CTC CCC GAC CCC AAC CTC CTC CTC CCC TCC CCC ACC ACC 691 

-2 Q it S T 1 E 0 A VVLRCRTT 130 



CAC CTC GTC CCC CCC GGC GAC CAC CAC CTC GTC CTC CGC ACG CCC CTG GAC ATC 655 
OVVRAGDHDLVLGTPVCI 148 

«p«tl 

CCC ACG GGC GAC CCG GCC AAC CCA CCC CTC CTC TCG TAC CCC CCC CAC TTC CAC 709 
R T G n A K P P I._ L U Y fl R D F H 166 

End ORF2 

ACC CCG ACC CCC ACC ACC CCG CCC CIC CCC tgacctccggcccgggccggccctgccctgc 770 
TPTPTTPALA* 176 

FIG. 3. (A) Nucleotide and derived amino acid sequences of a 3,573-bp 
region from the fiiimHI-55/l fragment carrying snaA and snaB. (B) Nucleotide 
sequence of a 770-bp fragment containing snaC. All the ORFs except ORF2 in 
panel A are on the strand shown. For ORF2, the amino acid sequence of the 
putative encoded protein was deduced from the other strand. The amino acid 
sequences determined from the N-lerminal sequences and internal sequences of 
the purified SnaA, SnaB, and SnaC proteins are underlined. Noncoding DNA is 
represented in lowercase letters. The putative ribosome-binding sites (Shine- 
Dalgarno sequences [S/D] are shown. Relevant restriction sites are indicated 
over the nucleotide sequence. 



Moreover, the two internal sequences of the protein matched 
exactly with internal segments of the ORF2 product (Fig. 3). 
The calculated molecular mass of ORF2 was smaller than the 
estimated 30 kDa of the purified FMN reductase. The identity 
of the deduced amino acid sequence with the three identified 
peptide sequences from the purified FMN reductase proves 
that ORF2 is the structural gene snaC encoding FMN reduc- 
tase. 

Sequence homology studies. No significant identity was 
found between SnaA, SnaB, and proteins in databases. How- 
ever, the two proteins showed 37% identity over the whole 
sequences (Fig. 4). Gaps were introduced in the SnaB protein 
because of the smaller size of this subunit. High conserved 
regions between these gaps justified their presence. 

The deduced protein corresponding to ORF401 was 50% 
identical with the product of ORF425 from IS/ 736 from S. 
erythraea, the erythromycin producer (14). In addition, the 
entire gene products of vsdF from Salmonella dublin (35) and 
ORFE from Salmonella typhimurium (21), were 33% identical 
with the 100 N-terminal amino acids of the ORF401-encoded 
protein. The central 200 amino acids of ORF401 were 36% 
identical with the C-terminal portion of the gene product of 
402 amino acids of an ORF found in the insertion sequence 
IS597 from the cyanobacterium Anabaena sp. strain M131 (4). 

Comparison of the snaC gene product with databases 



showed 39% identity with the actVB gene product (Fig. 4), 
involved in actinorhodin synthesis in S. coelicolor A(3)2 (17). 

Disruption of the snaA gene in 5. pristinaespiralis. To con- 
firm the function of the SnaA protein, we disrupted the snaA 
gene in S. prist inaespiralis SP92 by single homologous recom- 
bination. 5. pristinaespiralis protoplasts were transformed with 
1 p.g of pVRC505, containing an internal fragment of the snaA 
gene, as described in Materials and Methods. A few clones 
resistant to nosiheptide were studied. Southern blot analysis 
with pVRC505 as the probe showed that one clone named 
SP92::pVRC505 had stably integrated pVRC505 through ho- 
mologous recombination (data not shown). This strain and 
SP92 (as control) were grown in fermentation broth and PI and 
PII components were extracted as described elsewhere (57). 
The mutant strain SP92::pVRC505 produced only PII,^, 
whereas the parental strain produced 80% PlI^ and 20% PII^. 
PI production was identical in both strains. Western blotting 
showed that SnaA protein was absent from the mutant and, 
surprisingly, that SnaB was also undetectable (Fig. 5). 

Homologous expression of snaA and snaB genes in S, pristi- 
naespiralis SP120. SP120, isolated by chemical mutagenesis, 
had the same phenotype as that of SP92::pVRC505 for PII 
production, namely, accumulation of PII,, and no immunolog- 
ically cross-reacting bands with polyclonal antibodies raised 
against SnaA and SnaB proteins. Morever, SP120 did not pro- 
duce PI. This mutant was used to perform complementation 
experiments with XbesnaA and snaB genes. Mutant SP120was 
transformed with pVRC507, and nosiheptide-resistant clones 
were selected. Two transformants, SPI20(pVRC507)-I and 
SP120(pVRC507)-2, were studied further, with SPI20 contain- 
ing pIJ903 as a control. These clones regained the ability to 
oxidize PII,, to PIIa» but complementation was partial, since 
PIIa represented only 14% of the total Pll in comparison to 
80% in SP92. Expression of the snaA and snaB genes was 
confirmed by assay of PII^ synthase activity (Table 2). PII^ 
synthase activity of SPI 19 was assayed as the reference activity. 
FMN reductase activity was assayed as a control of the enzy- 
matic assay. The results showed an increase in PII^ synthase 
activity in SPI20(pVRC507) clones; however and as predicted 
by the partial complementation, the increase was below the 
wild-type level (Table 2). 

Heterologous complementation of the 5. coelicolor B135 mu- 
tant by snaC, In order to demonstrate identity of the enzymatic 
activities of the SnaC protein and the product of the actVB 
gene, we expressed the snaC gene under the control of the 
emiE* promoter in 5. coelicolor B135, an actVB mutant. After 
transformation of the mutant B135 with unmethylated 
pVRC520, many transformants resistant to nosiheptide were 
isolated. These transformants were grown on R2YE medium 
(28), with nosiheptide as the selecting marker, and after 5 days, 
they became blue (data not shown). This color, specific for 
actinorhodin production (43, 53), did not appear when B135 
was transformed with plJ903. 

DISCUSSION 

The structural genes snaAy snaB, and snaC coding for the 
two enzymes involved in the last step of PIIa biosynthesis were 
cloned, sequenced, and characterized. Three lines of evidence 
confirmed that snaA and snaB were the structural genes for 
PIIa synthase: (i) disruption of snaA in 5. pristinaespiralis re- 
sulted in strains producing only PII„ and defective in SnaA and 
SnaB proteins; (ii) the SnaA and SnaB proteins were absent 
also in a PII^ synthesis-deficient mutant SP120; and (iii) mu- 
tant SP120 was partially complemented for PIIa production 
and PII A synthase activity by extra copies of sn^A and snaB 
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(A) 



3nAA 1 R R Z tMx 6Z ZiiGP^GBVAAWR KADAQLDrErBRDS bMt 1*^:R G V 

SnaB 1 iiSii® l|gvXT L®T R» lijikATLCT I T R A VpL^A A* A A cif 'i> A V L*i-D$p;R 

SnAA VpiVH G TRLDSLCRTSRTB bWMw ATATTTTH e1:A^I A A R F 

SnaB A^ ACVG CR^iiT T 5j^L; T ^ A' L TAP L P A D Q Al^Y^iV S R I 

SnaA itHs Gp^i^A^'lR V A A P W E S A N F G F^iljH L E B G X R Y EitA Eil^Fil^-O'Vi^K 

SnaB UfA H^T^iiL AsgoTTB GAT GOTLiiD^^IR DDDAFVBD 

SnaA - -!-;l>'Gi RP Vl'»R;aTArE A PjGAi^G I A|'R'PTp.G O RA:V;I I Q A’&S SPVGREFAAR HAE V I 

SnaB RAf§|GjLYItRLP AVfl Q R1^;F'D V a:GA^^Z*'n VA AP>aQ A V ^ AA.D LV 

SnaA F T R a N RpS DpQpF Y G D L KpR VARBGRDP B A V^V HPTLAPIVAATDTEAKQRLQEX«QDLTH 

SnaB L ||o E^A^i ^A S V X Q Q A P B A;R I;LfL 



SnaA DBVALRTLQOBLG DVDLSA YA:i DG^P^VP D I^Y THQSQSTTERLIGI.ARRBNLSZRELALRL 

SnaB AlpGAAABl!pJ 

SnaA MODI V V G TPEQLADBMESHFTGR GAAGA N I D F P Y^A^G'SA^ D F V D BVV P E^Q rEg L Y R S G Y 

SnaB ADS P T V A EtISISSdP P^LAaEaaEp GRP D RT 

SnaA E GfT-Y.X^liE D A - AK?A> * AA 4 2 2 

SnaB B[hQ^ L A R ^Ie SiR bEl T tE 2 7 7 



(B) 



SP SnaC 1 VT GADD P ARP AVG P QS FADAttArQLAS P^T Viyc^VLEAA;GRR:Hd^F:TE6S V|U-S!yALDPP;LVMp 

SC actVB 1 MAADQGM L R D A M A R V P A Cy A L V;T A B Er G;G V Pp G PT A sEf^EMs M E P pi A Iilir; 



SP SnaC 6 IpLfiir|s S C B T AM A A A A.B|F{Cy .IS; Z^iGl^iO R A vEER C A T B G a{Er F A^^G R^FA A N D G t'&V P Y;i^P D 

SC actVB C LliRiMA KSFPVFD SC Girf^Ay^l vIIr^IB T D lEmEf ARK SiJ^KEA,G.GS>PiV - R T A R;G:A T vEd G 

SP SnaC Wk v|iL RpR T T D V V R^^^ISD L PVEZRTGDPA xEp L L W T RIr'd^B T j)^T P^^T 

SC actVB lyVA|!|VE||:T VB E R Y Pl^^pEl I lE^E V Q 3 V B V E E K G vE A V < Y V dEr^ A A L C S A A G A cS|^S a|I|6 

SP SnaC PALA 176 

SC actVB R6VPABA6179 



no. 4. Alignments of amino acid sequences by the program of Kanehisa (31). (A) S. pristinaespiralis SnaA and SnaB proteins. (B) S. prisdruiexpiruUs (SP) SnaC 
protein and S. coelicolor (SC) A(3)2 actVB gene product. Identical amino acids among the different sequences are shaded. Gaps in the alignments are indicated (*). 



cloned in pIJ903. Although complementation of SP120 by the 
snaA and snaB genes was incomplete, this is unlikely to reflect 
the presence of a second mutation in SP120, because Sezonov 
(52) achieved complete complementation of this mutant with 
tho snaA and snaB genes under the control of ermE* promoter, 
using an integrative vector. The low level of complementation 
could be explained by the absence of a promoter in the cloned 
fragment and the transcription of snaA and snaB from the iet 
promoter of pIJ903. 

Disruption of snaA led to the absence of both SnaA and 
SnaB proteins in Western blots. One hypothesis could be that 
the presence of SnaA stabilizes SnaB. However, because of the 
dramatic effect, it is more likely that snaA and snaB are co* 
transcribed. The transcript would then also include the anti- 
sense sequence of ORF401. This organization is similar to that 
for eryAJ and eryAII, which encode multifunctional polypep- 
tides involved in erythromycin biosynthesis in 5. erythraea (14). 
These two genes are separated by an ORF, ORF425, similar to 
that of IS597 irom Anabaena sp. strain M131 in the opposite 
orientation. The ORF401 product is 50% identical to that of 
ORF425. In both cases, the low G+C content observed in the 
intergenic regions suggested an insertion of an external DNA 
fragment (14). Meanwhile, transcription of snaA and snaB in 



the snaA disruption mutant and the wild-type strain of 5. pm- 
linaespiralis should be examined to confirm this organization. 

The conversion of PII„ to PII^ is similar to the reaction 
involved in the production of light by the luciferase of biolu- 
minescent bacteria (for reviews, see references 46 and 47): 
luciferase catalyzing also the oxidation of a substrate (a long- 
chain aldehyde), coupled to the oxidation of a reduced flavin. 
The reaction also needs an NAD(P)H:FMN oxidoreductase. 
The luciferase is a heterodimer composed of two subunits, a 
with an of 40,0(X) to 45,000 and p with an of 35,000 to 
40,000. We compared the small and large subunits of the Plly^ 
synthase with the a and subunits of luciferases from different 
bioluminescent bacteria, such as Vibrio harveyi (16) and Vibrio 
fischeri {lS)y and found only a weak identity between them. The 
highest scores obtained (17 to 19% identity) were always be- 
tween SnaB and the a or (3 luciferase subunits, in the N- 
terminal regions. However, in all cases, a common motif was 
conserved (L-D-O/H-M/L-S/A-X-G-R) in the N-terminal re- 
gions of these different proteins. Up to now, no role has been 
assigned to it. These proteins have similar functions, different 
substrates, and low identity. Nevertheless, an interesting point 
was the homology observed between SnaA and SnaB proteins. 
The same type of identity was observed between the a and p 
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FIG. 5. Analysis of protein extracts after disruption oisnaA gene in 5. pns- 
tinaespimlis SP92 producing strain. Fermentation experiments were performed 
with SP92 and SP92::pVRC505 for 18, 20, and 22 h. Extracts were obtained by 
sonication of samples at each stage, and proteins were separated by electro- 
phoresis with a SDS-12% polyacrylamide gel. The Western blot was obtained by 
using antibodies raised against the two subunits of the PIIa synthase and stained 
with anti-rabbit immunoglobulin G-alkaline phosphatase conjugate. Lancs: 1 and 

8, purified PlI^ synthase; 2, 3, and 4, extracts from 22, 20, and 18 h of fermen- 
tation of the mutant strain SP92::pVRC505, respectively; 5, 6, and 7. extracts 
from 22, 20, and 18 h of fermentation of the parental strain SP92. respectively; 

9, molecular weight markers (in thousands). The positions of SnaA and Snail are 
indicated to the left of the gel. 



subunits of the different luciferases, which commonly shared 
30% identity (29, 46, 47). However, the subunits of the lucif- 
erases are closer in size than are SnaA and SnaB. These ob- 
servations suggested that both protein complexes shared a 
similar evolutionary pathway, probably a gene duplication 
event (46). 

Restriction analysis of pIBVl, pIBV3, and pIBV4 indicated 
that snaC, the structural gene for FMN reductase, was at least 
24 kb distant from the PII^ synthase genes. This was surprising 
because of the involvement of the three genes in the same 
biosynthetic step and the fact that PII^ synthase and FMN 
reductase were expressed at the same time during fermenta- 
tion (57). However, pulsed-field electrophoresis analysis of the 
5. pristinaespiralis genome showed that the three genes were 
present on a common 500-kb Asel fragment (3). Further stud- 
ies will clarify if they are part of the same cluster. 

The j/iaC gene encodes a protein of 173 amino acids. SnaC 
is strikingly similar to the product of the actVB gene of the 
actinorhodin cluster from 5. coelicolor. Actinorhodin biosyn- 
thesis has been well studied (5, 11, 62). From the observation 
of Cole et al. (11), it was proposed that the actVB product was 
involved in a late step of the pathway, corresponding to the 
dimerization of an intermediate, likely to be dehydrokalafun- 
gin. Recently Kendrew et al. (34) have purified the correspond- 



TABLE 2. PIIa synthase and FMN reductase activities of 5. 
pristinaespiralis strains 



Strain 


Activity (p.mol/h/mg) of 
FMN reductase 


Activity (nmol/h/mg) of 
PIIa synthase 


SP119 


0.23 


90 


SP120(pIJ903) 


0.17 


<0.2 


SP120(pVRC507)-l 


0.16 


3.3 


SP120(pVRC507)-2 


0.09 


3.9 



ing enzyme and shown that it is a flavin: NADH oxidoreduc- 
tase. Dimerization of kalafungin is proposed to be a phenolic 
oxidation (45) and probably involves an hydroxy lation step 
identical to the reaction involved in PIIi,-to-PIlA conversion, 
requiring reduced FMN. Heterologous complementation of 
the actVB mutant, B135, by snaC confirms the recent results of 
Kendrew et al. (34), showing that the actVB product is also an 
FMN reductase. The calculated and estimated (57) M^s of 
SnaC, 18,000 and 30,000, respectively, are the same as those 
observed for the actVB product, which has been shown to be a 
dimer (34). Thibaut et al. (57) were able to oxidize PII„ to PII^ 
with purified PII^ synthase and the FMN reductase from Pho- 
tobacterium fischeri, a bioluminescent bacteria (commercial 
preparation from Boehringer Mannheim). Luminous bacteria 
usually contain several flavin reductases (15, 30, 59), and re- 
cently, genes encoding major and minor NAD(P)H-flavin oxi- 
doreductases involved in bioluminescence reactions from dif- 
ferent bacteria were cloned and sequenced (37, 60, 61). 
Although these reductases were all associated with the emis- 
sion of light, they could be divided in three groups displaying 
no significant homology (37, 60, 61), These results underlined 
the diversity of flavin reductases that could be involved in the 
same type of reaction. Comparison of SnaC with these differ- 
ent FMN reductases and with the major flavin reductase of £. 
coli, Fre (1, 54), showed no significant homology. Amino acid 
similarity observed between SnaC and the actVB product and 
analysis of their biochemical properties (34, 57) suggested that 
these two enzymes belong to the same FMN reductase family 
and are different from the different types of FMN reductases 
purified from bioluminescent bacteria and from the major fla- 
vin reductase of E. coli 

Thus, genes corresponding to the two-enzyme system cata- 
lyzing the last step of PII^ biosynthesis have been cloned and 
characterized. Disruption or overexpression of these genes will 
allow us to construct strains that selectively produce each of 
the two main forms of PII, PII„ and PII^, respectively. Mor- 
ever, because of the general clustering of genes involved in the 
same biosynthetic pathway in Streptomyces sp. (27), these re- 
sults give us the possibility to identify other genes involved in 
pristinamycin biosynthesis by chromosome walking. 
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New Drug Developments 



QWNUPmSTIN/DADFOPRISIlN (RP 59500): 
A NEW STREPTOGRAMIN ANTmiOTIC 

Clarence Chant and Michael J Rybak 



omamz To review (quim^pfiain/ 

dalfoprisu’D, Sywtid), a new strcptogremin amibiotic, wiih respea 
to its i^iannacoJogy, pham^kinetta^ mechanism 

of n ai stanoe» and in vitfO inhibitory ami bactericidal aaivicy. 

DATA stnjRCCs: A MEDLINE search using the keywords RP 59500, 
pnsdnamydn, virgimamydn, and strepiogramln was paf(^med« 
Rcle^^t abstracts presented at recent sdcntific confcnsnccs also 
were consulted. 



STUDY selection: Because RP 59500 is a relatively new investi- 
gational agent* relevant in vitro and animal studies w^cre selected. 
All available human sunlles were included as well. 



DATA EXTRAcnoK: Data from in dtro and in vivo studies were 
included* with particular emphasis on hunm studies. 



DATASYKTHESzs: RP S9500 ts a new 
arm1>iodc consisting of a rnixture of 2 synergisde pri^^ 
cxmipoimds. RP 59500 possesses in vitro inhibitory and bacte^dal 
activity against most isolates of gram-positive organisms including 
vancomydn-rcsi«am Enterococcus foecium^ selected gram-negative 
bacteria* and most anaerobic organisms. Based on prelimjnary data* 
the drug appears to be metaboliacd raiftidly and extensively white 
exhibiting a significant postantibiotic effect Data from ongoing 
cliitical trials suggest that RP 59500 is well-tolerated except for mild 
injection site Iniiaiions. Ho\vcvcr*bcf«cihcrolcof RP59500 within 
the vast armameruarium of antimicrobials can be cluddatod, atklitionaJ 
studies need to be conducted to document its clinical efficacy. 

coNCUBiONs: Based on in vitro susccpiibiliQr testing* in vivo 
studies, and jxcUrainar>* ctinical data, RP 59500 may be an 
alternative CO the glycopeptides, especially for inherently resistant 
organisms. Funher studies are needed to confum this agent's in vitro 
activity and to establish its clinical cITicacy. 
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QUB^a;pRi$T^^l/DAL^ (RP 59500) is a novel investi- 
gationat aruimicrobial belonging to the family of strepto- 
gjamin antibiotics. \\*ich arc naturally ocoirring compounds 
isolated from Streptomyces pristinaspiralis} The soepto- 
gramin family comprises several series of similar antibiotics 



CIircn<« Chant BSPhann PhaimO.Oiniul PtumiacisL D«(unmenlor Phannaey. 
Henry Ford Hos(i!ut. Octroii. Ml 

Michael i Rybak PharmD FCCP. Profcisor of Pharmacy Practice. College of 
Phartr^y and Allied Health Prafessioni, Wayne State Umversiiy. Octroit. Ml; 
and Oircaof. The Amiinfccii\*e Re«arch Laboratofy, Oeparfmcni of Phar- 

Si Amoini Olvd. Ocuoh. Ml 48201. 

Keiirinca: XttchxM J Rytuk HurmO FCCP 
Ouinu]iri\ttiV(ljiru(Vf\ltn (Syiicrcnl. KhcWtc-routem; Ktuvr). 



s^ as the mikamyctns, the pristinamycins, the ocstreomy- 
cins. ^d the virginiamycins.* Oral pristinamydn (Pyosta- 
cine) is a strepiogramin antibiotic that has been used in 
Europe for many years, primarily in the management of 
staphylococcal infections.* In this article, the pharmaco- 
logic and bacteriologic propenies of RP 59500 are dis- 
cussed. along with Its current status in clinical trials and 
potential therapeutic applications. 

Chetimlty 

The strcptogramin family of antibiotics can be divided in- 
to 2 diifercnt g^ups. Group A (or M) are polyunsaturated 
qrclic pqMidolitte compounds including pristinamydn HA, 
while group B (or S) compounds are cyclic hexadepsipep- 
lides that include prisitnamycin lA.* RP 59500 consists of 
a combination of quinupristin (RP 57669) and dalfopristin 
(RP 54476) in its naturally occuiiing ratio of 30:70 (w/w). 
Quinupristin and dalfopristin, whose chemical structures 
are shown in Figure I, are derivatives of pristinamycin I A 
and HA, respectively. Molecular modifications of die natu- 
ral compounds vvere required to increase their aqueous sol- 
ubility. thus enabling the drug to be formulated as an in- 
jectable for use in the management of serious infections.* 

Individual pristinamycin compounds exhibit bacterio- 
static activity against gram-positive bacteria.* However, 
combinations using a compound from each group of the 
sirei«ogramin family usually rKult in synergistic and bac- 
tericidal activities. This has been demonstrated with the 
quinupristin/dalfopristin combination. In vitro studies have 
documented lower minimum inhibitory concentrations 
(MIC) against isolates of staphylococci and streptococci 
for quinupristin/dalfopristin than with either component 
alone.^ F^r example, the MIC for 90% of the strains test- 
ed (MICjo) against methicillin-resistant Staphylococcus au- 
reus (MRSA) for RP 57669, RP 54476, and RP 59500 
were 8, more than 16, and 1 mg/L, respectively.* In addi- 
tion, the fractional inhibitory concentration (FIC) indices 
to various ratios of RP 54476 and RP 57669 against S. au- 
reus of several resistance phenotypes were consistently 
less than 0.5.* The FIC index is a calculated value that re- 
flects the inhibitory activity of a certain combination of 
antimicrobial agents compared with each of the individual 
agents alone. An RC index of no more than 0.5 indicates 
tliat tltc 2 tested drug.s arc synergistic. This synergy associ- 
ated with RP 59500 Iuls been proposed to be caused by tlic 
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drag’s mechanism of action, which appcam to be similar to 
tliat of die aimnoglycosides. and is thought to be a result of 
s<:quentia] binding of dalfopristin and quinupristin to dif- 
ferent sites on the SOS subunit of bacterial ribosomes.’ The 
proposed mechanism of action is that the binding of dalfo- 
pristin alters the conformation of the ribosome such that its 
afTinity for quinuprisdn is increased. This results in a stable 
ternary drug-ribosome complex, and the newly synthe- 
sized peptide chains cannot be extruded from the ribosome 
of that complex. Consequently, protein synthesis is inter- 
rupted, thus leading to cell death. 

Spectrum of Antibacterial Activity 

Numerous in vitro susceptibility studies have been per- 
formed vrith RP 59500.^’*” In general, RP 59500 has been 
reported to possess inhibitory activity against 51 aureus (in- 
cluding methicillin-resistant strains), coagulase-ne^tive 
!.taphylo:occi, streptococci (including penicillin-resistant 
Streptococcus pneumoniae), enterococci. Neisseria spp. 
Haemophilus influenzae, Moraxella catarrhalis, Legionel- 
la spp., rnd Listeria monocytogenes. RP 595(X) is also ac- 
tive against most gram-positive as well as gram-negative 
anaerobic organisms from several genera including Bac- 
leroides, Prevotella, Fusobacteriwn, Clostridia, Actino- 
myces, Feptostreptococcus, and Lactobacilli The results of 
the various in vitro susceptibility studies are summarized 
in Table i Because RP 59500 primarily possesses 

activi^ Egainst gtam-posidve (Hganisms, compa^ve MICs 
to vancomycin and macrolide antibiotics are presented in 
Tables 2 and Relatively spealdng, RP 59500 

.and vantomydn Imve similar and consistent MICs agtunst 
■S’, aureui:, streptocoed (e.g, S. pneumoniae), as well as tteir 
average achievable serum concentrations to MIC ratio, 
wiUi RP 59500 having somewhat lower MICs for S. epi- 




Figure I , Ctaphic structumt of quimipHtuin (RP 27699) and dalfopristin (RP 54476). 
Repf inted v'iih permisMon.^ 



Table 1. Summary of 
In Vitro Activities of RP 595(X) 



ORGANISM 


MIdo* 

(lugA.) 


RANGE 

(mgfL) 


REF. 


Staphylococcus aureus 


imhidllin^sensitlve 


0.62 


<0.10-2.0 


4*5,7.8.12,13.17 


methici1Un*<esis(am 


0.87 


0.03-4.0 


44,7.8.12,13,17 


Staphylococcus epidermidls 


mcthiciliin-scnsitivc 


0.41 


0.03-4.0 


5,7,12,17 


methidll in-resistant 


0.^ 


0.03-4.0 


5,7,12,17 


Streptococcus pyogenes 


0.39 


0.03-1.0 


5,7,12.13 


Streptococcus agalactiae 


0.38 


^.063-1.0 


4,5,7.12 


Viridans streptococci 


1.3 


0.25-4.0 


5.7,12 


Streptococcus pneumoniae 


0.71 


0.025-2.0 


4.5.7AI3 


penictUin-resIstam 


1.0 


<0.125-2 


11 


Enterococcus faecalis 


vancomycin-sensitive 


7.1 


0.25-32 


43,7,9,12,13 


vancomycin-restsiam 


32 


4-32 


9 


Enxerococcus faecium 


vancomycin-sensitive 


2.8 


0.25-8 


4,7.9 


vancemytin-resistam 


4.7 


0.06-32 


9,14.16 


Neisseria menmgmdis 


0.31 


!^.12-L0 


5.12 


Neisseria gonorrhea 


beta-iactamase (-f) 


0.67 


0.015-2.0 


5.12 


beta-lactamase (-> 


1.0 


0.015-2.0 


12 


Moraxella catarrhalis 


1.0 


SO. 12-1.0 


5,12 


Haemophilus influenzae 


beta-lactamase (-f ) 


Z6 


0.25-8.0 


5,12 


beta-lactamase (-) 


4.0 


2.0-4.0 


12 


LegionneUa pneumophilta 


0.34 


aoo8-i.o 


to 


Listeria monocytogenes 


2.0 


2.0-16.0 


5 


Baaemides fnagilb 


4.0 


2.0-4.0 


5 


Clostridium perfringens 


0,25 


!^.012-0v25 


5 



MICw - niinimuin inhibitory conccouaiion to 90% of the strains tated. 
“When applicable, this represents a weighted mean MIC,o calculated front 
the various references, if a specific MICw value was leponol. 



dermidis than do^ vancomydn. Both vancomycin and RP 
59500 have MICs against Enterococcus faecalis and &ite- 
rococcus faecium that are mthin the range of achievable 
serum concentrations. However, as indicated in Table 2, 
vancomydn-resistant strains of enterococci, espedally £ 
faecium, still appear to be inhibited by achievable serum 
concentrations of RP 59500. When compared with ery- 
thromydn and other macrolides (eg, adtfaromydn, clar- 
ithromydn), most strains of staphylococd and entooracd 
that were reported to Ire resistant toeiythrornydnreinained 
sensitive to RP 59500 (Tables 2 and 3). Against strepto- 
coed, using S. pneumoniae as an example, RP 59500 and 
erythromycin appear to have sinular inhibitory activity. 
However, RP 59500 was also active again^ wythromydn- 
resistant strains of S. pneutnoniae.**^* A similar trend of 
relative inhibitory actirity is seen when RP 595(X) is com- 
pared with azithromydn and clarithromycin. RP 595(X) has 
no activity against membem of the Enterobacteriaceae 
family or other gram-negative bacilli sudi as Pseudomonas 
.. aeruginosa?^ 

RP 59500 has been shown to antagonize bactericidal 
activities of oxadliin and gentamidn against the American 
Type Culture Collection (ATCX^ 2921 3 strain of 5. aureus? 
Against £. faecalis (ATCC 29212 strain), the combination 
of RP 59500 and ampicillin demonstrated antagonism, but 
combination vrith gentamidn displayed tndiSaence. When 
RP 59500 was combined with ciprofloxacin, cefotaxime, 
or gentamicin, the gram-negative activity of these agents 
was not altered.* 
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Table 2. Comparative Inhibitory Activity of RP 59500, Vancomycin, and Erythromycin 

MIC^o' {raise) (nig/L) 



ORGA14ISM 


ERYTHROMYON 


vaNCOMYDN 


RP 59500 


REP. 


Staphylococcus aureus 


methi:il)in-sensi(ive 


l-3(<0.05->l00) 


1.0(0.25--2.0) 


0.62 {<0. 1-2) 


4,?.I2J3J7 


methf :illm-rcsistain 


>I6(0.1-»I28) 


U(0.2W.0) 


0.9(0t)3-4.0) 


Staphy ococcus epidermidit 


methiriUm-sensitive 


16(0.03-264) 


1.5(0.25-2.0) 


0.4(0.03-4.0) 


7,I2J7 


meihicinin-resisunt 


>16(0.06-^) 


2.0(0.25-2.0) 


0.27(0.03-4.0) 


Strtpiococcus pneumoniae 


O.OS(<OX»6-0.25) 


0.5 (^.063-1) 


0.68(0.025-1.0) 


4*7.12J3 


trythromyctn-resUuint 


>32(4->32) 


0.5(0:25-0.5) 


1.0(0.25-1.0) 


12 


&tter<k:occits faecalh 


vancomycin^nsiUve 


32(S0.063->256) 


2.6(0.25-8.0) 


7.0(0.25-32) 


4.7.9.12.13 


van^mycin*resistam 


>256(2->256) 


>356(l6->256) 


32(4^32) 


9 


cntero*:occus faecium 


vancomyctn-sensiiive 


>I28(2~>256) 


3.0(0.25-8) 


zsco-as*^) 


4.7.9 


vancomycin-resisiant 


>256(1->2S6) 


>2S6(I6->5I2) 


4.7(0ti6-32) 


9,14.16 



MICm = ni nimum inhibitory concentration for 90% of the strains tested. 

'When app icable, this represents a ‘veighled mean MICm from the various references, if a specific MtQo value was reported. 



Resistance 

The most commonly known resistance to streptogramins 
is tcrmec. the MLSb (macrolide, Uncosamide. and sirepto- 
^jr^n group B) resistance conferred by the erm gene.'*-'* 
'"his gene encodes for an enzyme that dimethylates I ade- 
nine residue in the 23S rRNA, whidi results in decreased 
binding of macroUdes (eiythromycin), lincosamides (clin- 
damycin j, and streptognunin B (pristinamycin). However, 
Itccause RP 59500 is a combination of streptogramin A 
(RP 544*^6) and streptogramin B (RP 57669), one would 
expect that RP 59500 would remain active against MLSg- 
positive organisms. This was demonstrated by Leclercq et 
si." with both constitutive and inducible strains of MLSg- 
fosidve 5. aureus. Other mechanisms of resistance to stiepto* 
|jramin involve inactivating enzymes such as screptogram- 
in-A acciyltransfcrase and streptogramin B hydrolase.'*-'* 
Both of tliese enzymes inactivate either ^up A or B strep- 
tDgramin. respectively, and were shown not to be problem- 
£tic to Rl* 59500 unless both enzymes were present in the 
same stn.in of bacteria. The incidence of such RP 595(X)- 
rssisiant strains of staphylococci has been estimated to be 
Ijss than 5% in France.” Thus, cross-resistance to macro- 
l.des may be seen, though as mentioned, this was probably 
a relatively rare and clinically insignificant occurrence. 
Furthenroie, an ATP-binding protein also has been found 
in certain strains of staphylococci that actively pump (i.e.. 



efflux) streptogramin and macrolide antibiotics out of the 
cell, constituting the final known mechanism of resistance 
to the streptogramin antibiotics.'* Thus far, cro^-resistance 
between the streptogramin antibiotics with other classes of 
drags such as the glycopeptides, bcia-lactams, and amino- 
glycosides have not been reported. 

Plmrmacokinetics 

In 1992, the disposition of RP 595(X) was studied in hu- 
mans in a Phase I, double-blind, randomized, placebo-con- 
tiolled study.*' Twenty-six healthy men (mean age 28.8 ± 

5.3 y) received 3 different doses of RP 59500 ranging from 

1.4 to 29.4 mg^g intravenously over 1 hour. The elimina- 
tion half-lives (t,;i) of RP 59500 and quinupristin, when RP 
59500 was given in doses of 12.6-29.4 mg/kg, were 1.27- 
1.53 and 0.56-0.61 hours, respectively. Dalfopristin was 
found to be metabolized rapidly to RP 12536, a naturally 
occurring pristinamycin HA; thus, its t,yj could not be eval- 
uated. Maximum scrum concentrations of RP 59500, which 
were evaluated by using the amount of tot^ serum antimi- 
crobial activity, ranged from 0.95 to 24.20 mg/L. The in- 
vestigators also reported a positive correlation between the 
serum concentrations with the administered dose. Howev- 
er, correlation was not reported between the dose given 
and the area under the curve. RP 12536 was thought to be 
active because measurable antimicrobial activity of RP 



Table 3. Comparative Minimum Inhibitory Concentrations of RP 59500 and the Macrolide Antibiotics 







(range) (mg/L) 






ORGANISM 


ERYTHROMYCIN 


(XARITUROMYCIN 


AZITHROMYON 


RP 59500 


StaphyiTcoccus aureus 
crythnimycin-scnsiiive 
erythromycin^resistant 
mcthicUUn-resistanC 
SiaphyiTCoccus epidermidis 
erythromycin-sensitive 
erythixtmycin-rcsisiant 
mcthicillin-rcsistant 
Srreptot'occus pneumoniae 


0.5(0.12-1.0) 
>16 (>I6) 
>16(0.5->16) 

1.0(0.25-4.0) 
>16 016) 

>16 (8->16) 
0.25(0.03-1.0) 


0.5(0.06-4.0) 

>16(4->I6) 

>16(0.06->16) 

0.25(0.03-0.5) 

>16(2->I6) 

>16(I6->16) 

0.12 (0.03-2.0) 


8.0(0.25->16) 

>I6(>16) 

>16 (0.25->l6) 

4 (0.5-4.0) 
>16(>16) 

>16 (>16) 
0.25(0.06-1.0) 


1.0(0.06-1.0) 
1.0(0.12-2.01 
1.0 (0.06-2.0) 

0.5 (0.12-1.0) 
0.5 (0.12-0.5) 
0.5 (0.12-1.0) 
l.O (0.25-2.0) 



MIC .0 = minimum inhibitory concentration for 90% of (Itc strair.< tested. 
•Ml MICw values were obtained front reference 5. 
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Qiimupmiitt/Oalfcpristift 



59500 lan indirect method of determining the tyj of RP 
59500) persisted for up to 6 hours in a dose-dependent 
manner despite the absence of measurable quinuprisdn or 
dalfopnstin in the serum using an HPLC mediod. The con- 
tributioi of RP 59500's long postantibiotic effect (PAE) to 
this prolonged activity was not evaluated. Consequently, 
the autliors pointed out the need for further studies regard- 
ing the relationship between total serum antimicrobial ac- 
tivity of the parent drug, measured concentrations of RP 
59500, and the antimiatobial activity of the metaboHte. 

In a jmaller study involving 6 healthy men, Gaillard et 
al,“ determined that an average of 75% and 77% of radio- 
activity from the administered dose of quinuprisdn and 
dalfopristin, respectively, were recovered in the feces. Simi- 
larly, only 15% of the radioactivity from the dose of quin- 
upristiii and 19% of dalfopristin were excreted into the 
urine over the first 3 hours. These preliminary results, in 
addition to the fact that only small amounts of unchanged 
dalfopristin can be found in either urine or feces, would 
sugges: that both dalfopristin and quinupristin are metab- 
olized extensively. Two of the metabolites of RP 59500, 
RP 12fi36 and RP 100391, were shown to possess in vitro 
antimictobial activity. Clinical significance of these active 
metabolites remains to be established. Rnally, the authors 
reported that protein binding for quinupristin and dalfo- 
pristin was 23-32% and 50-56%, respe^vely. Additional 
phanmtcokinetic studies are currently underway (pmonal 
commjnication, B Kreter PharmD, Associate Director, 
Anti-Infectives, Rhone-Poulenc Rorer. March 30, 1995.) 

Pfmrmoicodynamks 

The antibacterial activity of RP 59500 dt«s not seem to 
be infl jenced si^ficantiy by the size of inoculum used in 
susceptibility testing.®’’ A change of inocmlum size from 5 x 
10* to f X 10’ cfuhnL was shown to result in minimal (e.g., 1 
dilution step), if any, changes in tte MICs of (he otgatusms.®’ 
However, increasing the pH of the incubating broth from 
7 to S in tritro resulted in a 2-3 times increase of the MIC 
values for RP 59500 against various staphylococci.* The 
addition of human serum raised the MIC values by 2-4 
dilution steps and the addition of albumin 5% to the incu- 
bating medium resulted in an increase of minimum bacte- 
ricidal concentration (MBQ values 4-8-foId.®’ These al- 
terations in MKCs and MBCs secondary to modifications 
in the incubating medium were attributed to the change in 
unbound fraction of RP 59500 in the presence of albumin 
or human serum. Available [HOtein bindng data suggat that 
both quinupristin and dalfopristin are, at best, only moder- 
ately tound to plasma protdn and may not have contribut- 
ed significantly to this altetation.” In terms of bactericidal 
activity, MBC values of RP 59500 are usually 1-4 times 
the MIC values for most susceptible organisms. Larger 
differences were sometimes, though not always, seen wth 
MRS/v, mcthidllin-sensitive S. aureus (MSSA), and ente- 
rocoal than with streptocoed.’**’ Thus, tolerance to quin- 
upristin/dalfopristin does not seem to occur. 

Agiiinst staphylococci and enterococci, RP 59500 dem- 
onstrated slow progressive killing kinetics over the first 8 
hours in vitro, with a trend toward more rapid killing as 
drug concentration increases from 1 to 8 tirrffis the MIC of 
the tcjiled strains.* Minimal additional bactericidal activity 
was seen beyond 8 hours unless high drug concentrations 



were used. With respect to streptococci. RP 59500 was 
found to be rapidly bactericidal.*®” Furthermore, pro- 
longed PAE has bera demonstrated with quinupristin/dal- 
fopristin. Nougayrede et al.** showed a PAE of 2-3 hours 
with RP 59500 at a drug concentration equal to the MIC of 
4 strains of S. aureus when exposed for as little as 15-30 
minutes. When drug concenttation was raised to 4 times 
the MIC and the exposure time to 80 minutes, a PAE of 
7-8 hours was observed against the same 4 strains of 5. 
aureus. For RP 59500, the ratio of the drug concentration 
to the MIC seems to have a larger effect on the duration of 
PAE than the exposure time of the organism to the antibi- 
otic.** Conrequently, the long duration of PAE and the po- 
tcmially prolonged antibacterial activity resulting from the 
active metabolite(s) have led to the use of a twice- or thrice- 
daily dosing re^men in Phase II and Phase IB studies.*'’®* 

The cellular uptake of RP 59500 has been evaluated in an 
in vitro study. D^noties and Diallb** detexmined that mac- 
rophage uptake of both quinupristin and dalfopristin was 
rapid and extensive. After 2 hours, intracellular concentra- 
tions of quinupristin and dalfopristin were determined to 
be 50 and 34 times that of extracellular drug oor»entrations, 
respectively. Uptake was found to be increased by increas- 
ing the pH of the medium, a fact that may have potential 
therapeutic importance in the use of RP 59500 to eradicate 
intracellular orgaitisms (e.g., S. aureus) located witiiin nec- 
rotic or absces^ tissues. Indeed, the authors reported that 
more than 70% of the staphylococci within macrophages 
were eradicated vwthin 2 hours of exposure to RP 59500. 

Adverse Drug Reaciiotts 

In the only human pharmacoldnettc study published 
thus far with intravenous RP 59500, no cardiac, respiratory, 
hematologic, or biochemical jdjnormalities were reported in 
26 healthy volunteers.** RP 59500 was, however, associated 
with iruld-to-moderate local reactions sudi as itching, pam, 
and burning that was self-limited and not assextiated with 
measurable histamine release. These local reactions were 
reported during 19 of the 53 infusions adoninislSred. Head- 
adies occurred in 7 of the subjects, with similar distribu- 
tion between placebo- and RP 59500-treated patients. Di- 
arrhea (3 subjects) and vomiting (2) were the only other 
adverse effects reported. Pteliminary data from ongoing 
Phase n and Phase III sUrdies also have repotted increases 
in liver function test results, with only 1 patient thus far 
having an increase of more than 5 times die upper limit of 
normal.** This seems to be an infrequent occurrence and 
symptomatic liver dysfunction has not been documented in 
patients with increa:^ liveriunction test resilts. 

Potential Therapeutic Uses and Current Status 

In a rabbit endocarditis model, RP S9S00 was shown to 
significantly decreare (p < 0.00 1 ) colony counts in vegeta- 
tions infected by certain strains of MRSA.** In 2 cases, the 
vegetations were repotted to be sterile after RP 59500 treat- 
ment The bactericidal activity of RP 59500 was found to 
be similar or somewhat less than that of vancomycin, de- 
pending on the strain of MRSA chosen. However, it was 
noted (hat the mean peak serum concentration of RP 
59500 achieved from the study dose of 20 mg/kg was only 
1.9 ± 0.8 mg/L. This concentration is much smaller than 
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the MBC values of the various strains of MRSA involved 
and thus may have explainoi the inconsistent results. In 
another in vitto study, an intravenous dose of RP S9S00 was 
effective in sterilization of fibrin clots infeaed by MRSA/ 
MSSA, but was only somewhat effective in decreasing the 
colony counts in dots infected with Rmthidllin-sensitive tu* 
methicillin-iesistant S. epidermidis, and was entitely inef- 
fective in reducing colony counts in fibrin clots infected 
with £ /aeca/ir” These results could be explained by the 
low drjg concentrations achieved mthin the clot and the 
known relative intrinsic resistance of £ faecalis to RP 
59500. However, autoradiographic studies have demon- 
strated that RP 59500 is capable of penetrating even the 
core ol- infected vegetations in vivo.” In addition, Kang 
and Rybak” recently reported that using in vino kiiling stud- 
ies witli MSSA (ATCC strain 25923) and a clinical MRSA 
isolate, the time required to decrease the colony counts by 
99.9% was significantly shorter with RP 59500 than with 
vancomycin. RP 59500 also was more effective than van- 
comycin in reducing the number of colony-forming units 
in an i ifected fibrin clot model with die same strains of 
staphy ocoed. More imeiestingly, it was observed that the 
combination of vancomycin and RP 59500 was signifi- 
cantly mote efftetive that either agent alone in decreasing 
colony-forming units with both the in vitro snrdies and the 
fibrin dot irrodel. Synergism between vancomycin and RP 
59500 was seen with the in vitro experiments, but not with 
the fibrin clot models. As the authors pointed out, the dif- 
ferent mechanisms of action of both agents may result in 
synergistic activity. Of interest, the authors also reported 
the development of resistance with the 2 staphylococci 
strains toward RP 59500. The MICs of the mutated strains 
had risen from a baseline of 0.19 mg/L to as high as 6.25 
mg/L, which wore noted to be stable over time (i.e., MICs 
did not revert back to baseline values). *nie spontaneous 
mutations leading to the resistant strains were found to 
have occurred at very low frequencies (approximately 10* 
to 10*'* order of magnitude) and were associated with 
cross-resistance to erythromycin, but not to lincomycin. 
Furthermore, combination treatment with vancomycin and 
RP 59500 was found to prevent the development of this re- 
sistance. The clinical significance of this rare development 
of resistance remains unknown and requires clarification 
with fiirther clinical studies. 

Given these in vivo and in viiro results and the spectrum 
of activity of RP 59500, it would seem that the drug has a 
potential role in the management of MRSA. enterococci 
(particularly E.faecium), and perhaps meihicillin-resistant 
5. epidermidis infections in patients who cannot receive 
conventional therapy such as vancomycin. Furthermore, 
the av.tilability of an injectable formulation, rather than the 
oral pristinamycin marketed in Europe, would be advanta- 
geous in the management of serious infections and/or pa- 
tients ivho cannot tolerate oral antibiotic administration. 

Clinical trials (Phases II and HI) are currently under- 
way in which RP 59500 is being investigated for its use in 
the management of pneumonia, catheter-associated bac- 
teremia, and skin and soft tissue infections.” The results of 
studies with 72 patients who have been treated with RP 
5950C under an investigator-sponsoned investigational new 
drug program have been reported.* RP 59500 was used in 
lhc.<re patients for the management of life-threatening in- 
fections ciu-scd by vancomycin-rc.sist;mi E.faccitim isolated 



from various sites such as tiie abdomen, wounds, cerebral 
spinal fluid, pleural fluid, lower respiratory uact, blood, 
dtheto; urinary tract, cardiac valves, and bone. Clinical and 
bacteriologic cures of 78% and 82%, respectively, were 
reported with appropriate documentation for 52 of these 
patients. 

Stimina/y 

RP 59500 is a unique antibiotic of the streptogramin 
family that is active primarily against gram-positive oigan- 
isms, RP 59500 also has activity against selected gram- 
negative and most anaerobic otganisms. Given the array of 
efficacious agents cunently available for the management 
of infections resulting from gram-negative and anaerobic 
organisms, it seems that the potential role for RP 59500 
would be in the treatment of gram-positive infections, espe- 
cially those resulting from tesisunt strains such as staphy- 
lococci and £ faecium. If additional human studies corrob- 
orate these in vitro activities of RP 59500, then the drug 
may be considered as a viable alternative in the manage- 
ment of infections caused resistant otganisms in patients 

who are refractoiy to or intolerant of conventional therapy. 
Until the results of such studies are available, the use of RP 
595(X) should be considered only as investigational, e: 
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EXTRACTO 

OBjf€n\o: Revisar la farmacologfa, faimaa)dnddca, farmacodinamia, 
rrKxanismo de reslstaicta, y actjvtdad inhibitoria y bactericida in vitro 
del RP 595(X)(quiruc^risbn/dalfofpristin, Synercid), un nues*o 
amibUStico estnq^togiamino. 

nsGms OE infor,\uo6.n; Base de daios MEDLINE cmplcando las 
palabras elaves RP S95CX), pristinamictna, \nrgimamicina. y 
estfcptogramino. Tambidn cxlractcK presentados en confcrencias 
cienuTtcas lecientes. 

SEtxcctd.v DE PUENTES 0£ c\TOiu^uod.\: Puesio que cl RP 59500 cs un 
ageme cn invcsiigaddn rclativameme nueva se scleccionaron esmdios 
in vitro, cn animates y cn humanos. 

MEIODO DE EXTRAC06N DE LSTOR,MAa0\: Sc incluycron daios 
prevementes de esmdios in vivo e in vitro, con particulardnfasls cn 
esmdios en humanos. 

siSTESts: RP 59500 cs un antibiddeo esueptogramino nuevo que 
cmisiste dc una mezola de 2 compu^os de la pristiramiclna de accidn 
sinergistlca. RP 59500 posce actividad inhibitoria y bacteridda contra la 
mayoria de los organismos gram-posidvos, incluyendo Enterococcus 
faecium resistente a la vanctwrudna* cterras bacicrias gram-negativas, y 
la mayoria de los organismos anaetdbicos. Informaddn preliminar parece 
demostrarque cste medicamento es metabolizado rdpida y extensivamente 
mientras que posce un cfecto postandbidiico significatlvo. Informaddn 
obiciuda de esmdios clfni«» cn curso sugieren que cl RP 59500 cs bicn 
tolerado excepto por irritadoncs leves reportadas en el siiio de 
inyeocidn. Sin embargo, antes de qi» cl papel del RP 59500 pueda scr 
eluddado dentro del extense armamemo de agemes andmicrobianos, sc 
requieren esmdios adicltxiales que documemen su cficacia chnica. 

cavcLusidNTs: Bas^osc en pruebas dc susceptibilidad in %*itro, 
esmdios in vivo, y datos cifnicos pteliminares, RP 59500 puedc ser una 
altemadva a los gUcopdpddos, espedalmeme en el case de organismos 
inherememente resisiemes. Se itquieren esmdios adicionaies que 
confirmen su actividad in vitro y su eficacia dfnica. 

EkcarnaciOn c Suarez 
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